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SYSTEM FOR TRANSMITTING DATA
BETWEEN TWO BUS SYSTEMS

BACKGROUND OF THE INVENTION

The invention relates to an interface for transmitting
messages between two bus systems.

The technological task often arises ol making available
messages transferred 1 one bus system using a certain
mechanism of information distribution for devices con-
nected to a second bus system using a diflerently designed
information distribution mechanism. Previous solutions to
this problem have essentially used the approach of “pack-
aging”’ messages from the first bus system at an interface to
the second bus system mto messages of a type suitable for
the second bus system. The connected devices “unpack’™ the
transmitted data to recreate the message 1n 1ts original
format of the first bus system and interpret it appropriately.
This solution does not ensure satisfactory interoperability
between bus systems. For example, 1t 1s not possible to
develop the devices connected to the second bus system
without taking into account the parameters of the first bus
system since these devices must be able to interpret the
“unpacked” messages 1n the format of the first bus system.
In addition, the information distribution mechanisms and
transmission capacities of the two bus systems may be so
different that a translation of every message receirved from
the first system into a packaged message distributed on the
second system does not provide useful functionality of the
systems.

Therefore, there 1s a need to provide an interface for the
transmission ol messages from one bus system to a second
bus system as well as a method for transmitting these
messages which permits complete interoperability of the bus
systems and which allows development of devices con-
nected to the second bus system without consideration of the
parameters of the first bus system, or to address devices
already existing for a given task and compatible with the
second bus system with messages derived from the first bus
system.

SUMMARY OF THE INVENTION

Briefly, according to an aspect of the invention, an inter-
face for transmitting messages between two bus systems
includes a first receiver device for receiving a message from
the first bus system, a first classification device for classi-
tying the message received from the first receiver device
according to one of multiple predetermined classes, a {first
translation device for translating the message based on a
predetermined rule for each class into a message for trans-
mission on the second bus system, and a first transmitter
device for transmitting the translated message on the second
bus system. The classification enables each message to be
appropriately translated based on its technical significance
content.

Second devices of the above type are also provided for
transmitting messages in the opposite direction from the
second to the first bus system.

Irrespective of the bus system type, a message generally
includes an instruction on the operation to be performed by
a device, often combined with an address for the device and
with one or more parameters. The mstruction on the function
to be performed may, for example, include one or more bytes
at a fixed location 1n the message. The instruction may also
be dispersed over several separated segments of the mes-
sage.
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In a motor vehicle bus system, for example, a first
numerical value of the instruction may represent a request to
a sensor connected to the bus system to report the coolant
temperature of the vehicle, a second value may represent a
message containing the coolant temperature indicated by the
sensor as a parameter, a third numerical value may represent
a request to a sensor to report the pressure of a brake system,
ctc. The number and meaning of the parameters contained 1n
a message depends on this instruction. It thus represents a
classification datum, on the basis of which the classification
device 1s able to assign each recerved message to a class,
which action enables the translation device to translate the
message appropriately.

There exist bus protocols that require that a message of a
certain class be cyclically repeated. whereas a message with
the same information content 1n a second bus system may
only be repeated when a parameter of the message changes.
In order to translate such data correctly, the interface appro-
priately has a timer that reacts to the reception of a message
via one of the bus systems by controlling a cyclic broadcast
of the translated message on the other bus system.

In cases where a message 1s cyclically transmitted in both
bus systems while the repetition rates of the message are
different, 1t 1s useful if the interface includes a device for
adjusting the repetition rates of these messages. This device
may be a counter for counting the messages of a certain class
arriving on one bus system that mitiates transmission of the
translated message on the other bus system when the count
on the counter exceeds a certain limit. Appropriate selection
of the limit allows the ratio of the cycle times at which the
messages are generated on the two bus systems to be
adjustable.

Conversely, to translate a message of a given class from
a bus system in which messages of the relevant class are
generated cyclically into a message for a bus system 1n
which messages are generated only in the event of a param-
cter change, the interface 1s appropriately equipped with a
comparator, the function of which 1s to compare a message
of a given class received by one of the bus systems with a
message of the same class received previously from this one
bus system, and to output the received message only 1f its
content differs from that of the previously received message
of the same class. Through the use of this type of compara-
tor, repetitions of the same messages on the other bus system
may be suppressed so as to free up the transmission capacity
of this other bus system for other tasks.

Since the sequence of the parameters of a message may in
principle be arbitrary and may thus vary from one bus
system to another, the translation device 1s preferably
equipped with a permutation unit for permuting the elements
of the received message corresponding to the parameters.

In addition, the translation device preferably has an arith-
metic unit for applying a mathematical computational rule to
one element of the message. Such an arithmetic unit i1s
appropriate when the parameters of the messages to be
translated are numerical values, the representation of which
may differ in the two bus systems. Such diflerences may
result from the type of binary representation of numerical
values, for example as natural numbers with or without sign,
as real numbers with fixed-point, floating-point, or expo-
nential notation and of varying precision (bit number), or
also by applying diflerent measurement units or scales when
the parameters reflect measured values.

A preferred application of the interface 1s the conversion
of messages between a CAN bus system and a MOST bus
system 1n a motor vehicle.
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These and other objects, features and advantages of the
present invention will become more apparent 1n light of the
following detailed description of preferred embodiments
thereot, as 1llustrated 1n the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a block diagram illustration of an interface
between system buses;

FIGS. 2-7 are flowchart illustrations of interface func- 19
tions.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

15
FIG. 1 1s a block diagram of an interface 100 between a

CAN-bus 101 and a MOST-bus 102. A CAN recerver device
103 converts the physical data format used on CAN-bus 101
into a representation used 1n the mterface. A MOST trans-
mitter module 104 converts the internal representation to the 5,

physical format used on the MOST-bus 102.

Attached to the CAN receiver device 103 1s a classifica-
tion device 107 that determines the class of the recerved
message. Generally, two CAN messages belong to diflerent
classes when they have different report IDs or different 55
format IDs. Attached to the output of the classification
device 107 1s a translation device 108 that receives, from the
classification device 107, the instruction on the class of the
message and its parameters, 1f present. Based on the class
instruction, the translation device 108 accesses a memory 3g
109 which, for each class, contains a rule for translating the
message mto a MOST message 1 the form of an entry 1n a
table or of a program executable by the translation device
108. The information contained 1in such a table or the
possible steps 1n such a program are discussed 1n more detail 35
below with reference to FIG. 2. The class instruction may,
for example, be a pointer to an entry matching the class or
a corresponding program in memory 109.

Also connected to the classification device 107 1s a
plurality of comparators 110, bufler memories 111, and 49
counters 112 which are each assigned to a certain class of
messages. When the classification device 107 outputs a
message of a class to which the comparator 110 and the
bufler memory 111 are assigned, the comparator 110 com-
pares the parameters supplied by the classification device 45
1077 with the parameters of the previous message of this class
supplied by the bufler memory 111. If the parameters are the
same, the comparator 110 delivers a control signal to the
translation device 108, which causes the translation device
108 not to output a translated message to the MOST trans- 50
mitter unit 104. If the parameters are different, the new
parameters are accepted by the buller memory 111 and the
control signal 1s not generated, with the result that the
translated message 1s sent to the MOST-bus 102.

When the counter 112 1s assigned to the class of message 55
output by the classification device 107, the counter 1is
decremented by one. If the status of the counter then differs
from zero, the counter 112 delivers a control signal to the
translation device 108, which prevents this device from
delivering a translated message to the MOST transmitter 60
unit 104. When the counter status 1s zero, the control signal
1s not generated, the translation device delivers the transla-
tion, and the count 1s reset to a predetermined 1nitial value.

A MOST recerver device 105 delivers messages received
on the MOST-bus 102 to a second classification device 113, 65
the function of which essentially matches that of the clas-
sification device 107. A second translation device 114 1s

4

connected to the output of the classification device 113 and
a memory 115, and translates a recerved MOST message
based on the class instruction, parameters, and conversion
rule stored in the memory 115 for each class mto a CAN
message. The CAN message 1s output to a CAN transmuitter
device 106 for transmission on the CAN bus. Here again, a
comparator 116 and a bufler memory 117, the functions of
which are the same as those indicated above for the com-
parators 110 and the bufler memories 111, are assigned to
certain classes of messages.

An arrangement of a timer 118 and a bufler memory 119
1s connected to the output of the classification device 113,
these being assigned to certain classes, with the bufler
memory 119 serving to record the classification instruction
supplied by the classification device 113 along with 1its
associated parameters and being cyclically prompted by the
timer 118 1n a predetermined rhythm to output this infor-
mation to the translation device 114 to generate a CAN
message.

While components 107-119 of the interface are described
above as discrete components, it 1s nonetheless obvious that
they may be realized without dithiculty 1in the form of a
suitably programmed microprocessor with attached
memory. The interface translates a CAN message into a
MOST message, which 1s described below with respect to
FIG. 2.

When a CAN message 1s received (S1), the classification
device 107 (FIG. 1) first checks whether the message
belongs to one of 1ts known classes. Classes for which a
translation rule 1s present 1n the memory 109 are considered
known here. If the message belongs to an unknown class
(S2) there has either been a system error or 1t 15 a message
that 1s exchanged only between devices connected to the
CAN bus and 1s not intended for a receiver connected to the
MOST bus. In both cases, the routine ends (53) without
translation of the message.

If the class of message 1s known, the classification device
107 determines the associated table entry or associated
translation program in the memory 109 (S4). The content of
the table entry or function of the translation programs
depends on whether the message belongs to a class which 1s
or 1s not sent out on the CAN bus and MOST bus cyclically,
possibly with differing periods.

If 1t 1s determined in step S5 that the message 1s trans-
mitted cyclically on both bus systems, the routine branches
to step S6, and the counter 112 assigned to the relevant class
of messages 1s decremented. Step 7 checks whether the
counter has reached the value zero. If not, the routine (S8)
ends without a MOST message being generated. If 1t 1s, the
counter 1s reloaded 1n step S9 with a predetermined value
that 1s a function of the ratio of the repetition rates at which
messages of the relevant class are transmitted on the CAN
bus or the MOST bus. If the frequency at which the message
1s transmitted on the CAN bus 1s n times the frequency on
the MOST bus, and n 1s an integer, the counter 1n step S9
may be reloaded with the value n, and when decrementing
in step S6, the counter content 1s reduced each time by one.
If the frequencies are 1n a rational ratio p/q, where p, q are
integers, then the counter 1 step S9 1s loaded with value p
and decremented each time 1n step S6 by q.

Subsequently, the routine proceeds to step S 13 that wall
be explained later.

If the check 1n step S3 determines that the message does
not belong to a class of messages which are transmitted
cyclically on the MOST bus, the message may still be one
which 1s 1n fact transmitted cyclically on the CAN bus but
1s transmitted on the MOST bus only when one of 1ts
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parameters has changed. For this reason, step S10 checks
whether the message belongs to this class. If 1t does, step S11
makes a comparison with the aid of the comparator 110
(FIG. 1) and the buffer memory 111 (FIG. 1) to determine
whether the parameters of the message have changed since
its last transmaission. If not, there 1s no need to generate a
MOST message, and the routine proceeds from step S12 to
S8. If the parameters have changed, a MOST message must
be generated and the routine proceeds from step S12 to step
S13.

If step S10 determines that the message belongs to a class
that 1s not cyclically transmitted either 1n the CAN system or
the MOST system, the routine proceeds directly to step S13.

Step S13 checks whether the message belongs to a class
in which the parameters are measured using diflerent units
or are diflerently scaled i the CAN system and MOST
system. An example of such a parameter 1s engine speed. In
CAN bus messages, it 1s transmitted as an unsigned byte, the
numerical value of which 1s given by (engine speed/rpm-—
500)/40. On the other hand, 1n the MOST bus 1t 1s trans-
mitted as a unsigned word, the numerical value of which
corresponds directly to the engine speed 1 rpm. If a con-
version 1s required, 1t 1s performed 1n step S14.

Then the MOST header fitting the class of message 1s

selected based on translation mnformation (5S13) stored 1n the
memory 109 (FIG. 1), and a message composed from the
header and associated parameters 1s sent out on the MOST
bus (S16).
In the event a message has multiple parameters the
sequence of which 1s different in the CAN bus system and
MOST bus system, a preliminary permutation step not
shown 1n the figure may be required to put the parameters 1n
the correct sequence.

In the above operational sequence, there 1s a multiplicity
of decision steps S2, S5, S7, S10 in which, depending on the
class of a received message a decision must be made as to
the type and manner 1n which the message 1s subsequently
processed. In order to make these decisions, 1t 1s possible
cach time to access the entry i the memory 109 (FIG. 1)
corresponding to the class or to access a multiplicity of
entries 1n memories 1 which the mformation required to
translate a message of a given class 1s distributed. Specifi-
cally, when the components of the interface are imple-
mented, as already mentioned above, using a microprocessor
with attached memory, these diverse decision steps may be
combined into a single step 1n which a translation program
1s selected from the memory 109 (FI1G. 1) depending on the

class of the message, which program 1s specific to a given
class and which enables a direct translation of the message
without requiring additional decisions dependent on the
class.

FIG. 3 1s a flowchart 1llustration of a routine for convert-
ing a message received on MOST-bus 102 (FIG. 1) to a CAN
message. Upon receiving a MOST message (5S101), the
classification device 113 (FIG. 1) checks whether the mes-
sage belongs to a known class (S102). To do this, 1t extracts
from the MOST message a function designator three bytes
in length and checks whether this 1s contained 1n a list of
known designators. In the routine shown 1n FIG. 2, an error
has been detected and an error handling procedure S103 1s
initiated when the check of step S102 determines that the
message does not belong to any known class. If the message
does belong to a known class, step 104 follows with a
decision on whether the message 1s a methods message or a
properties message (1.e., whether the message 1s intended to
prompt a recerver device to 1mitiate an operation 1 which it
intervenes as an active controlling element in 1ts environ-
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6

ment or whether the purpose of the message 1s to transmit
information required by the receiver device for other tasks).

FIG. 4 illustrates a routine for handling of the methods
message. Every proper methods message must be translated
into a CAN message. The structure of this message 1is
defined 1n the memory 1135 (FIG. 1) and quenied from there
in step S201. The following, for example, are included 1n the
queried structural information: the form of a header of the
CAN message generated, significance, sequence, and scal-
ing of parameters, etc. With this information, the translation
device 114 (FIG. 1) can correctly convert parameter values
from the scaling used in the MOST system to that of the
CAN system, and combine them with the header in the
correct sequence to form a CAN message (5202). This
generated message 1s output in step S203 by the CAN
transmitter unit 106 (FIG. 1) to the CAN-bus 101 (FIG. 1).

The handling of a properties message shown in FIG. 5
varies depending on which class the message belongs to. On
the CAN side such properties messages may depending on
the type of parameters transmitted 1in them, belong to three
different groups or types, such as: (1) a first type of messages
that are sent only when the parameters contained 1n it are
requested by a receiver device, (1) a second type ol mes-
sages which are transmitted without a specific request by a

receiver device being required but which are transmitted
only when a modification of the value of a parameter
contained 1n 1t occurs, or (111) a third type in which the
messages are also cyclically transmitted on the CAN bus but
at a repetition rate that 1s generally different from that of
corresponding messages on the MOST bus. If step S301
determines that the message belongs to the first or third type,
processing proceeds to step S302 where a decision 1s made
as to whether a conversion of the parameter values contained
1s required. If so, this conversion 1s performed in step S303
based on conversion information stored in the memory 1135
(FIG. 1), and the parameter value thus obtained 1s stored 1n
step S304 1n an assigned register of the mterface. A CAN
message by which this modified parameter value 1s passed
onto a device on the CAN bus 1s generated by the interface
for a message of this type only when such a device requests
transmission of the parameter value. Messages of the third
type are transmitted on the CAN bus on a time-controlled
basis, as the following discussion explains with reference to

FIG. 6.

If the message belongs to the second type, step S305
compares the parameter value transmitted by the message
(or parameter values 1f the message contains multiple
parameters) with the parameter value(s) transmitted in the
previous message ol the same class. If this comparison
(S306) shows that the values have remained the same, the
process ends; 1 at least one value has changed, a CAN
message 1s generated (S307).

FIG. 6 illustrates the processing of those classes of CAN
messages that are transmitted cyclically. Step S401 regularly
checks to determine whether transmission of the message 1s
due. This check may be performed, for example, by a timer
118 (FIG. 1) assigned to a class of such messages that
initiates the transmission of the messages at regular intervals
and which, as explained above, may include a counter which
1s cyclically decremented and triggers transmission of the
CAN message when zero or any desired fixed value 1is
reached. If the iterface 1s 1mplemented as a program-
controlled microprocessor, another conceivable procedure 1s
one 1n which the microprocessor examines the messages for
cyclic transmission at short intervals to determine whether a
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transmission time planned for them has been reached and, 1
necessary, initiates transmission and defines a new trans-
mission time.

FIG. 7 illustrates a routine to generate a CAN message. In
step S501 the translation unit 114 (FIG. 1) determines the
structure of the CAN message to be generated based on the
class supplied by the classification device 113 (FIG. 1) from
memory 115 (FIG. 1). For each parameter of the CAN
message to be generated, the translation unit 114 (FIG. 1)
reads the corresponding parameter value from the recerved
MOST message (5502), performs any necessary conversion
of the parameter values and permutation of the sequence of
the parameters needed to place these 1n the correct order for
the CAN message to be generated (5S503), and finally
outputs (S3504) the generated CAN message to the transmit-
ter unit 106 (FIG. 1).

Although the present ivention has been shown and
described with respect to several preferred embodiments
thereol, various changes, omissions and additions to the
form and detail thereof, may be made therein, without
departing from the spirit and scope of the invention.

The 1nvention claimed 1s:

1. An nterface for transmission of messages between a
Controller Area Network (CAN) bus system and a Media
Oriented Systems Transport (MOST) bus system, compris-
ng:

a first receiver for receiving a message from the CAN bus

system:

a first classification device for classifying the message
received from the first receiver device according to one
of a plurality of predetermined classes;

a first translation device for translating the message 1nto
a message for transmission on the MOST bus system
based on a rule specified for each class; and

a first transmitter for transmitting the translated message
on the MOST bus system.

2. The nterface of claim 1, comprising:

a second receiver for receiving a message from the MOST
bus system;

a second classification device for classiiying the message
received from the second receiver according to one of
several predetermined classes;

a second translation device for translating the message
into a message for transmission on the CAN bus system
based on a rule specified for each class; and

a second transmitter for transmitting the translated mes-
sage on the CAN bus system.

3. The interface of claim 2, wherein the first and second
classification devices define the class of a recetved message
based on a classification datum contained 1n the message.

4. The interface of claim 2, comprising a timer which,
upon receiving a message from one of the bus systems,
controls a cyclic transmission of the translated message on
the other bus system.

5. The interface of claim 2, comprising a repetition-rate-
adjustment device to control the transmission of the mes-
sages obtained by translation of messages transmitted on one
of the bus systems at a first repetition rate, and at a second
repetition rate on the other bus system.

6. The iterface of claim 5, comprising a counter for
counting the messages of a certain class arriving on one of
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the bus systems and for triggering transmission of the
translated message on the other bus system when the count
of the counter exceeds a limat.

7. The interface of claim 6, where when the count of the
counter exceeds a limit, 1t 1s reloaded with a predetermined
value.

8. The interface of claim 7, comprising a comparator for
comparing a message of a given class received by one of the
bus systems with a message of the same class previously
received by the one bus system and for outputting the
received message 1f its content differs from that of the
previously received message of the same class.

9. The interface of claim 7, where the first translation
device includes a permutation unit for permuting elements
ol the received message.

10. The interface of claim 7, where the first translation
device includes an arithmetic unit for applying a mathemati-
cal computational rule to an element of the message.

11. The interface of claim 7, where the first translation
device 1s program-controlled and 1s connected to a memory
for storing the rules for translation 1n program form.

12. A method for transmitting a message from a Controller
Area Network (CAN) bus system to a Media Oriented
Systems Transport (MOST) bus system, comprising:

classitying the message received from the CAN bus
system according to one of a plurality of predetermined
classes:

selecting a translation rule based on the classification;
translating the message based on the translation rule; and
outputting the translated message on the MOST system.

13. The method of claim 12, where the step of classifying
includes 1dentification of a classification datum 1n the mes-
sage.

14. The method of claim 12, where for at least one class
ol messages, the step of outputting 1s cyclically repeated.

15. The method of claim 12, where for at least one class
of messages, a received message 1s compared with a previ-
ously recerved message of the same class, and the step of
outputting 1s performed only 1f the content of the received
message differs from that of the previously received mes-
sage.

16. The method of claim 135, where the step of translating
includes a permutation of the elements of the message.

17. The method claim 15, where the step of translating
includes the application of a mathematical computational
rule to an element of the message.

18. A method for transmitting a message from a Media
Oriented Systems Transport (MOST) bus system to a Con-
troller Area Network (CAN) bus system, comprising:

classifying the message received from the MOST bus
system according to one of several predetermined
classes:

selecting a translation rule based on the classification;
translating the message based on the translation rule; and

transmitting the translated message onto the CAN bus
system.
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